S troke, the third leading cause of death 1 and a major cause of serious disability in the United States, 2 is estimated to have cost $56.8 billion, including $13.2 billion for nursing home care, in 2005. 3 Although death rates have declined since 1900, 4 hospitalizations for stroke and the proportion of stroke patients transferred to short-and long-term care facilities have increased in the past decade. 5 Of Ͼ445 000 Medicare hospital claims submitted in 2000 for short-term stays for stroke, 20.9% resulted in transfers to skilled nursing facilities and 19.6% in transfers to other care facilities. 6 Because severe stroke cases are more likely to be discharged to a skilled nursing facility, 7-9 use of care facilities will likely increase as the US population continues to age.
The chance of surviving an acute stroke with minimal disability could be increased by rapid recognition and reaction of bystanders and patients to the warning signs, early transport to an emergency room (ER) equipped and staffed to handle stroke cases, and rapid evaluation, diagnosis, and treatment. During the past decade, recommendations for the care of acute stroke patient have evolved with considerable advances in diagnosis and treatment. 10 -16 However, optimizing treatment continues to depend on rapid evaluation and accurate diagnosis of the specific stroke subtype. We assessed the distribution of stroke subtypes in Medicare hospital claims for stroke among adults Ն65 years of age in 2000 to determine differences in the proportion of stroke hospitalizations with an ill-defined discharge diagnosis for groups defined by age, race/ethnicity, sex, and state residency. We then examined possible explanations for differences between these groups in terms of ER presentation, evidence of reported or billed diagnostic procedures, other conditions, and hospital outcomes.
Methods
For this cross-sectional study, we obtained all Medicare Part A claims from the Centers for Medicare and Medicaid Services. Claims included age, sex, race/ethnicity, state of residence, type of admission, admission diagnosis, 10 discharge diagnosis fields, 6 procedure fields, bill indicators, discharge outcome, and diagnosis-related group (DRG). There were 445 452 hospital claims in 2000 submitted for persons admitted to short-stay hospitals with a principal (firstlisted) discharge diagnosis of stroke, which included International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for hemorrhagic stroke (430 to 432), ischemic stroke (433 to 434), ill-defined stroke (436 to 437), and late effects of cerebrovascular disease (438), which includes neurological defi-cits that persist after the initial onset of the cerebrovascular event. A discharge diagnosis for transient ischemic attack (TIA; ICD-9-CM code 435) was not included in this study.
For all hospital claims, we examined the distribution of stroke subtypes for patients defined by age (65 to 74, 75 to 84, and Ն85 years), sex, race/ethnicity (white, black, Hispanic, and other), state of residence, ER admission (ER versus all other types of referrals and transfers), and admission diagnosis. Diagnosis at admission included ill-defined stroke (ICD-9-CM code 436 to 437), other specific stroke subtypes (430 to 434 or 436 to 438), TIA (435), and all other admission diagnoses. We also compared the percentages of these and other selected characteristics (secondary diagnoses, procedures, DRG, and discharge characteristics) among subtypes. Secondary diagnoses (second through tenth ICD-9-CM discharge codes) included diabetes (250.0 to 250.9), atrial fibrillation (427.3 or 427.3 to 427.2), and hypertension (401 to 405). Up to 6 procedures reported on the hospital claim may have included those specific to the evaluation and diagnosis of stroke subtypes such as computerized tomography (CT) of the head (ICD-9-CM 87.03), arteriography of cerebral arteries (88.41), diagnostic ultrasound of the head and neck (88.71), or MRI of the brain and brain stem (88.91). Bill indicators included those for a CT scan or for other unspecified imaging techniques. Discharge outcomes included discharge to home, a skilled nursing facility or another facility (intermediate care, shortterm care, or other type of facility), death during the hospital stay, or other outcome (eg, left against medical advice or unknown outcome).
To assess the association of selected characteristics with a diagnosis of ill-defined stroke rather than any other subtype, we obtained odds ratios (ORs) and 95% CIs for each characteristic from a logistic regression model that included age and then from a multivariable logistic regression model that included age, race/ethnicity, sex, admission through an ER, and evidence of diagnostic procedures (CT, diagnostic ultrasound, arteriography, or MRI) as covariates. Because ER presentation was highly associated with receiving an ill-defined diagnosis, we assessed the association of selected characteristics with ER presentation for any stroke in separate multivariate logistic regression models. In a final analysis assessing correlates for an ill-defined diagnosis, we restricted the study to patients admitted only through the ER.
Results
In 2000, stroke subtypes included 65.3% ischemic, 20.9% ill defined, 11.9% hemorrhagic (intracerebral and subarachnoid), and 1.9% late effects of cerebrovascular disease ( Table 1) . The proportion with a discharge diagnosis of ischemic decreased among successive age groups, whereas the proportions with a diagnosis of either ill-defined or hemorrhagic stroke increased with age. Women were more likely than men and blacks and Hispanics were more likely than whites to receive ill-defined diagnoses. Patients admitted through the ER were more likely to have discharge diagnoses of either ill-defined or hemorrhagic stroke and less likely to be diagnosed with ischemic stroke than patients referred or transferred from other sources (private physicians, clinics, other hospitals, skilled nursing facilities, or other facilities). Patients with an admitting diagnosis of ill-defined stroke were more likely to have the same diagnosis at discharge than patients with admission diagnoses of specific subtypes, TIA, or any other diagnosis. States with lower proportions of stroke hospital claims reported with an ill-defined diagnosis on discharge had much higher proportions with an ischemic diagnosis ( Table 2 ). There were 14 states with Ն25% of all stroke hospital claims diagnosed as ill defined on discharge; states in the McGruder et al Characteristics of an "Ill-Defined" Strokenortheastern United States had lower proportions of strokes diagnosed as ill defined. We examined characteristics of patients with each stroke subtype ( Table 3) . Patients with a discharge diagnosis of ill-defined stroke compared with those with ischemic or hemorrhagic stroke were more likely to be Ն85 years of age, a woman, or black. In addition, stroke patients with a discharge diagnosis of ill defined were more likely than those with an ischemic diagnosis to have ER presentation and an admitting diagnosis of ill-defined stroke. A report of hypertension was less common among those with ill-defined compared with ischemic diagnosis. Regardless of discharge diagnosis, the proportion with a hospital claim bill indicator for CT was high, although the reported use of diagnostic imaging procedures such as CT was low (Table 3) . For example, report of a CT procedure varied between 5.5% and 10.2% among subtypes, whereas submission of a bill indicator for CT varied between 55.3% and 89.2%. Patients with an ill-defined diagnosis were less likely than those with an ischemic diagnosis to have procedure codes reported for arteriography, diagnostic ultrasound, or MRI but more likely to have bill indicators for CT and procedure codes reported for CT. In addition, stroke patients with an ill-defined diagnosis were more likely to be discharged to skilled nursing or other care facilities than those with an ischemic diagnosis. Patients with a hemorrhagic diagnosis had the highest inhospital mortality and lowest discharge to home than patients with ill-defined or ischemic diagnoses. Ill-defined diagnosis at discharge was more likely to have DRG 14 (specific cerebrovascular, including intracranial hemorrhage and cerebral infarction) than other subtypes, mainly because 29% of ischemic and 20% of hemorrhagic diagnoses had a DRG associated with surgery.
The proportion of stroke patients with ill-defined diagnoses increased with age (PϽ0.05; Table 4 ). After controlling for age, an ill-defined diagnosis was significantly more likely (PϽ0.05) among women than men (OR, 1.30; 95% CI, 1.28 to 1.32) and among blacks (OR, 1.31; 95% CI, 1.28 to1.33) and Hispanics (OR, 1.27; 95% CI, 1.20 to 1.34) than whites. An ill-defined diagnosis at discharge was also associated (PϽ0.05) with ER presentation, an ill-defined diagnosis at admission, presence of a bill indicator or procedure report for CT, absence of reported procedures for brain MRI or arteriography of cerebral arteries, a secondary diagnosis of diabetes, absence of secondary diagnosis codes for atrial fibrillation and hypertension, hospital survival, and discharge to a skilled nursing or other care facility. Multivariable logistic regression showed that differences in age, sex, ER presentation, and evidence of diagnostic procedures accounted for much of the higher proportion of ill-defined diagnoses among blacks and Hispanics compared with whites (Table 4) . However, significant disparities in receiving an ill-defined diagnosis still remained for those aged Ն85 years, women, blacks, and Hispanics.
Only 59.6% of stroke hospitalizations had an ER presentation; however, there was an ER presentation for 70.8% of hospitalizations with an ill-defined diagnosis compared with 56.6% of those with other subtype diagnoses. We examined differences for stroke cases defined by ER presentation. Among all stroke hospitalizations, ER presentation increased with age (52.4% for 65 to 74, 59.1% for 75 to 84, and 70.3% for Ն85 years; PϽ0.01), was higher for women than men (62.6% versus 55.6%, respectively; PϽ0.01 after age adjustment), and higher for blacks and Hispanics than whites (70.1% and 70.9% versus 58.1%, respectively; PϽ0.01 after age adjustment). However, ER presentation was lower in the 14 states with Ն25% of stroke hospitalizations having an ill-defined diagnosis compared with all other states (54.7% versus 60.6%, respectively; PϽ0.01 after adjustment for age, race, and sex). Among all stroke hospitalizations, those with ER presentations compared with those referred/transferred, respectively, were more likely to have an ill-defined diagnosis on hospital admission (39.9% versus 20.7%); bill indicators for CT (92.7% versus 44.4%); reported procedure codes for CT of head (10.1% versus 4.8%), diagnostic ultrasound of head and neck (3.9% versus 2.4%), or brain MRI (4.5% versus 2.6%); and DRG 14 for specific cardiovascular disease (84.8% versus 43.1%). All comparisons were significant at PϽ0.01 after age adjustment.
In final multivariable logistic regression analyses of the 265 441 stroke cases who were admitted only through the ER, a greater likelihood of an ill-defined diagnosis remained for blacks versus whites but was no longer statistically significant (OR, 1.03; 95% CI, 1.00 to 1.06); significant differences remained between Hispanics and whites (OR, 1.16; 95% CI, 1.09 to 1.24) and between women and men (OR, 1.13; 95% CI, 1.11 to 1.15). A bill indicator for CT was associated with a lowered likelihood of having an ill-defined diagnosis (OR, 0.70; 95% CI, 0.68 to 0.73). Procedure code reported for CT of head, diagnostic ultrasound of head and neck, arteriography of cerebral arteries, and brain MRI were also associated with lower likelihoods of receiving an ill-defined diagnosis (PϽ0.01) among hospitalizations with an ER presentation.
Discussion
In 2000, 1 in 5 Medicare hospital claims for stroke involved an ill-defined diagnosis at discharge, a disturbing proportion given the need for an accurate diagnosis to guide evaluation and treatment. The likelihood of receiving an ill-defined diagnosis increased with age and was higher among women, blacks, and Hispanics, findings that could raise issues of relative quality of care. Of the 14 states with high proportions (Ն25%) of ill-defined diagnoses, 5 were southeastern states. Overall procedure reporting for CT of the head and brain MRI were low among Medicare stroke patients in 2000, although the majority of these Medicare claims had bill indicators for CT scans. An ill-defined diagnosis was less likely with a (15) McGruder et al Characteristics of an "Ill-Defined" Stroke reported procedure code for MRI but more likely with a bill indicator for CT scan. ER presentation and an admission diagnosis of ill-defined stroke were highly associated with a discharge diagnosis of ill defined. However, variations in evidence of diagnostic procedures and ER presentation seemed to account for some but not all of the differences between groups defined by age, race, and sex. ER presentation was highly associated with both the likelihood of receiving an ill-defined diagnosis and with greater evidence of diagnostic procedures. We found no evidence to suggest that ER physicians discriminated in procedure use between these groups. ER presentation increased with age and was higher among women, blacks, and Hispanics. Thus, it is possible that other factors related to reaching the ER in time for an accurate evaluation may have influenced the likelihood of receiving an ill-defined diagnosis. Blacks and Hispanics may have lower recognition of the major stroke signs than whites; [17] [18] [19] blacks may also have greater delay times and be less likely to arrive at the ER via ambulance in some communities. 20 Women may also experience longer delay times to hospital treatment for acute stroke than men. 21 Although this explanation is speculative, greater public health efforts are needed to increase awareness in the general population about stroke signs and the need for prompt emergency transport. Further investigation of other explanations for these disparities in subtype diagnosis is also warranted.
Whether these findings represent systematic underreporting of specific diagnoses and procedures in these population subgroups and states also remains to be investigated. DRG codes show that patients receiving surgical interventions were less likely to have ill-defined diagnoses, suggesting that financial incentives or reimbursement maximization may impact reporting specific subtypes on Medicare hospital claims. Certainly, Medicare reimbursement has been relatively low for physician evaluation and treatment of acute stroke; reimbursement for DRG 14 has been Ϸ$5800. 22 Geographic patterns in excess reporting of ill-defined strokes in contrast to specific subtypes may reflect either regional patterns in financial incentives to report specific subtypes or regional differences in medical opinion regarding definitions for specific subtypes. However, there are unlikely to be incentives to differentially diagnose ill-defined strokes among certain races or women. Because we examined data from the Medicare population Ն65 years of age, it is also unclear whether this is a reporting issue only among the elderly or whether disparities exist or are even greater at younger ages.
The findings of this report are subject to several limitations. First, these administrative records do not distinguish between first or recurrent strokes; there is no information to determine whether first strokes were more or less likely to receive ill-defined diagnoses. Admitting diagnosis that specifies the ICD-9-CM code at the time of hospital admission was associated with an ill-defined diagnosis on discharge; however, there is no information regarding whether this diagnosis was given before or after performing any diagnostic procedures. In addition, Medicare Part A hospital claims records do not provide any information on medical management or medical therapy; hospital characteristics (eg, academic versus community, urban versus rural, number of beds, or average number of stroke patients); availability of diagnostic technology, stroke unit, or neurologists; or indicators for the attention to risk factor control goals or quality improvement initiatives of the hospital system. Such information would be helpful to determine whether patterns reflect access to care and other quality of care issues. The major limitation of hospital claims records is the inability to determine accuracy of physician or administrative reporting of stroke subtypes or procedure use. Without information on results of clinical evaluations, it is impossible to validate reported subtype diagnoses in administrative hospital claims. Finally, the discrepancy between bill indicators for CT and CT procedure codes suggests under-reporting of this and other diagnostic procedures on hospital claims. Despite these limitations, Medicare claims currently constitute the only available source of state-specific and national data that allow assessment of subtype distributions.
Our objective is not to focus on the validity or accuracy of diagnosis of specific subtypes such as ischemic or hemorrhagic stroke but is concerned with reporting the high proportion of stroke patients receiving an ill-defined diagnosis. Ill-defined stroke, the operational definition of ICD-9-CM codes 436 and 437, includes apoplexy, cerebral seizure, cerebral atherosclerosis, other generalized ischemic cerebrovascular disease, cerebral aneurysm, and several other specific but rare cerebrovascular diseases. In recent surveillance reports of hospital and mortality data, 5, 23 ill-defined stroke (codes 436 to 437) was aggregated with ischemic stroke (codes 433 to 434). This practice may be based solely on anecdotes from clinicians that most ill-defined strokes are actually ischemic or on studies assessing ICD-9-CM coding algorithms for ischemic stroke. Various studies that estimated the sensitivity of stroke codes in hospital discharge data reported that results vary depending on the ICD-9-CM algorithm used, particularly for ischemic stroke. 24 -28 Although ICD-9-CM codes show relative agreement with medical record reviews for stroke, 25, 26 it is recognized that there may be some inaccuracies in the classification of patients with ischemic stroke. 29 Efforts to eliminate the underdiagnosis of specific subtypes and improve the reporting of subtypes on hospital records must be systematic to obtain a more credible estimate of the true distribution of ischemic and hemorrhagic strokes in the United States, particularly in high-risk racial and ethnic populations.
To our knowledge, this is the first study to examine closely the characteristics of stroke patients with an ill-defined diagnosis. More attention could potentially reduce numbers of individuals receiving such a diagnosis. Accurate, prompt evaluation of patients admitted with suspected stroke and timely classification of stroke subtype should lead to improved treatment and reduced disability. Improved treatment could increase costs savings associated with skilled nursing and rehabilitation facilities and improve quality of life. 30, 31 System-wide adherence to prevention, evaluation, and treatment guidelines 10 -16,32 is critical to prevent strokes and provide quality of care to stroke patients. Federal agencies and other organizations have made stroke care an urgent priority and have taken steps toward improving acute stroke care. These actions include developing the Paul Coverdell National Acute Stroke Registry to monitor and improve quality of acute care, 33 establishing standardized performance measures, 34 making recommendations for systems of stroke care, 35 and developing hospital-based programs to implement guidelines for stroke patients. 36 State-specific assessments may be warranted to determine availability of diagnostic equipment and ER stroke teams with expertise in diagnosis and treatment. Additional efforts and mechanisms to give physicians feedback may be needed to promote health system adherence to evidence-based guidelines for evaluating and diagnosing stroke subtypes. Efforts are also needed in some hospital systems to improve medical reporting of strokerelated procedures and diagnoses on hospital records and Medicare claims. Removing financial barriers in Medicare reimbursement may also motivate system-wide changes in the appropriate evaluation and treatment of stroke patients. Ideally, programs such as the Paul Coverdell National Acute Stroke Registry, the American Heart Association Get With the Guidelines-Stroke, and the Joint Commission on Accreditation of Healthcare Organizations will assist clinicians in their efforts improve the quality of care provided to acute stroke patients.
